I ntra-articular glucocorticoid injection is an established treatment for synovitis in rheumatoid arthritis. Although the purpose of such therapy is to treat the joint selectively, drainage of the injected substance from the joint has been shown. Thus, in studies where radioactive yttrium or gold was injected into knees of mobile patients, a significant leakage of these substances into inguinal lymph nodes and liver was found. 1 2 Such leakage was not demonstrated in resting patients, and so a 24 to 48 hour postinjection rest after intra-articular therapy has been recommended. 3 This immobilisation is supposed to retard drug resorption from the joint and increase the local therapeutic effect, resulting in better treatment outcome. This hypothesis is supported by investigations showing improved efficacy of intra-articular glucocorticoid injection treatment for knee synovitis if the injection is followed by a period of bed rest, compared with the response in mobilised patients. 3 4 Several studies in healthy rabbits have shown that intraarticular glucocorticoids increase cartilage breakdown. 5 The combination of exercise and repeated hydrocortisone injections leads to even more extensive cartilage damage. 6 However, investigations in other species such as dogs and primates have not demonstrated any deleterious effect on the cartilage following repeated intra-articular glucocorticoid injections. 7 In fact, such treatment may even protect from experimental osteoarthritis. 8 In support of a chondroprotective effect by glucocorticoid treatment, low dose oral glucocorticoids, when added to methotrexate treatment, seem to prevent progression of joint erosions in patients with early rheumatoid arthritis. 9 Furthermore, synovial fluid levels of core protein fragments of proteoglycan, a marker of cartilage turnover, decrease in synovial fluid after intraarticular glucocorticoid injection therapy for knee synovitis in patients with arthritis, suggesting a reduction in cartilage breakdown. 10 Thus the effect on the joint tissues of intraarticular glucocorticoid injections may differ between species, but may also differ between joints with ongoing inflammation-that is, the joints that are injected in clinical practiceand normal joints injected in experimental settings. However, the question whether intra-articular steroid treatment can actually prevent or retard cartilage destruction in rheumatoid arthritis remains unresolved.
The development of assays for quantification of tissue markers for cartilage and bone in serum has facilitated the monitoring of tissue turnover in the joint and also has shed light on the transport of molecules, or their fragments, from the joint into the circulation. 11 12 In the present study we used a set of such markers to assess the dynamics of cartilage and bone turnover in relation to an intra-articular glucocorticoid injection. We examined the impact on both cartilage and bone turnover by comparing patients subjected to mobilisation or immobilisation after the injection. Cartilage oligomeric matrix protein (COMP) was used to evaluate cartilage turnover. 13 The bone formation marker serum osteocalcin and the bone resorption marker urinary deoxypyridinoline corrected for creatinine (DPD) were used to assess bone turnover. 12 
METHODS
Patients and clinical and radiographic assessments Patients fulfilling the 1987 American College of rheumatology (ACR) criteria for rheumatoid arthritis, 14 and with signs and symptoms of knee synovitis requiring treatment with Abbreviations: COMP, cartilage oligomeric matrix protein; DPD, deoxipyridinoline intra-articular glucocorticoids at the outpatient rheumatology departments in Gävle and Uppsala, were asked to participate in the study. Patients treated with tumour necrosis factor blockers, systemic glucocorticoids during the past year, an intra-articular glucocorticoid injection in the knee during the past six months, or those with any intra-articular injection the past two months were excluded, as were patients in functional class 4 according to Steinbrocker. 15 Twenty consecutive patients were included and randomly allocated to 24 hour postinjection bed rest or normal activity. To avoid joint movement and to assure that no weight bearing occurred, patients allocated to bed rest were supervised in hospital.
The injection procedure was undertaken with the patient in a supine position. The knee joint was entered by a lateral approach, using a 0.7640 mm needle. When the joint had been aspirated of as much synovial fluid as possible, 20 mg of triamcinolone hexacetonide (LederspanH) were injected. Non-fasting serum samples were collected immediately before the injection and after 24 hours, 48 hours, one week, and two weeks. The injections were given and samples collected at 08.00 hours on all occasions. At the same time the first morning void of urine was collected.
Three patients, two in the rest group, were at one occasion each unable to give a morning urine sample. The COMP samples from one patient in the mobile group were destroyed in a transportation failure.
To evaluate the level of disability at baseline, the Swedish version of the Health Assessment Questionnaire (HAQ) was used. 16 The number of tender and swollen joints was counted, and the disease activity score (DAS28) 17 was calculated. All patients underwent a radiological examination of the treated knee. The radiographs were graded by an independent radiologist according to Larsen-Dale. 18 The study protocol was approved by the committee of ethics, Faculty of Medicine, Uppsala University, and informed consent was obtained from the patients.
Biochemical analyses
The serum and synovial fluid samples were centrifuged for 10 minutes at 18006g within one hour and stored at 270˚C until all samples had been collected and laboratory processing could be undertaken. Erythrocyte sedimentation rate (ESR) and serum C reactive protein were assayed by standard methods. COMP was quantified by sandwich enzyme linked immunosorbent assay (ELISA) (Anamar Medical, Lund, Sweden), osteocalcin by immunoassay (ElecsysH, Roche Diagnostics, Mannheim, Germany), and DPD by ELISA (Metra DPD, Quidel Corporation, San Diego, California, USA). The total analytical imprecision (coefficient of variation, CV) for the cartilage and bone turnover markers was ,5% for COMP, ,2% for osteocalcin, and ,8% for DPD. All laboratory testing was done blind, without knowledge of the clinical data or study group.
Limits for normal range were provided by the manufacturers, except for DPD which was defined in 77 healthy Swedish individuals with normal bone density in Uppsala (Larsson A, Brahm H, Ljunggren Ö , 1998: unpublished data). The mean (SD) serum COMP level in 336 Swedish blood donors was 10.2 (2.9) U/l (data provided by Anamar Medical). The normal range in women for osteocalcin was 15-46 mg/l and for DPD 5.4 (3.0) nmol/mmol creatinine.
Statistical calculations
For comparison of baseline characteristics between the groups, Student's t test and the Mann-Whitney U test were used when appropriate. To test for significant differences of the changes of levels of COMP, osteocalcin, and DPD between the groups, analysis of covariance with baseline as covariate was used. All tests were two tailed. Comparisons within a group were carried out using a one sample t test. A probability (p) value of ,0.05 was considered significant. The statistical analyses were made by the statistical computer software program SPSS, version 11.5 for Windows NT (SPSS Inc, Chicago, Illinois, USA).
RESULTS

Patients
Patient characteristics are shown in table 1. No significant differences were observed between the patient groups. The participants were all female except for one man in the mobile group. Eight patients in the resting group and seven in the mobile group were treated with disease modifying antirheumatic drugs. Only four patients, of whom three were in the mobile group, had ever previously been exposed to systemic glucocorticoids, and only two patients in each group had Days after injection S-COMP (U/l) 7 2 1 0 Figure 1 Mean serum cartilage oligomeric matrix protein (S-COMP) levels for mobile patients (empty circles ) and patients with 24 hour postinjection rest (filled circles) during a two week period after intraarticular glucocorticoid treatment for knee synovitis. The results are means, error bars = SEM, for 10 samples in the resting group and nine in the mobile group.
been treated with intra-articular glucocorticoids in another joint during the past six months.
Cartilage turnover
Before injection, the COMP levels in synovial fluid (mean (SD)) did not differ between the two patient groups: 56.6 (24.0) U/l in the resting group and 58.4 (22.8) U/l in the mobile group. These concentrations are within the range typically seen in rheumatoid synovial fluids using the original inhibition ELISA 13 and the assay used in the present study (Saxne T, unpublished data).
The serum concentrations of COMP at baseline were within the normal range for both resting and mobile patients, at 13.5 (3.9)U/l and 12.7 (4.5) U/l, respectively. After injection, serum COMP decreased within 24 hours (p,0.001) in both patient groups (fig 1) . The decrease was significantly more pronounced in the resting group (p = 0.007). The results for each patient are shown in fig 2. In the mobile patients the minimum COMP level was found at 48 hours after the injection, and after one week serum COMP was no longer decreased compared with baseline. In the resting patients, on the other hand, significantly decreased levels were noted throughout the study.
Bone formation
The mean serum osteocalcin was within normal range in both patient groups before the glucocorticoid injection (30.6 (7.6) and 25.1 (5.6) mg/l respectively, NS). After injection the levels decreased within 24 hours in both groups (p,0.001), and there was no difference between resting and mobile patients (fig 3) . In mobile individuals significantly reduced levels could be seen for 48 hours and in resting patients during the first week.
Bone resorption
Before injection, the mean urine concentrations of DPD were above the normal range in both groups (10.4 (4.9) and 10.3 (4.7) nmol/mmol creatinine), but no difference between mobile and resting patients could be detected. There was no significant change in the levels in either group during the observation period.
DISCUSSION
One of the principal findings in this study was that a single intra-articular glucocorticoid injection induced a significant reduction in serum COMP levels within 24 hours in rheumatoid patients with knee synovitis. Furthermore, the reduction persisted during the study period of two weeks, and the reduction in serum levels was more pronounced in the resting patients. In previous studies in experimental arthritis it has been shown convincingly that changes in serum COMP parallel histological changes in cartilage morphology. [19] [20] [21] Furthermore, cytokine modulating treatment which reduces cartilage pathology also reduces serum COMP, whereas treatment which only reduces inflammation without influencing cartilage pathology does not influence serum COMP. 20 Also, in type II collagen induced arthritis in rats, the retardation of cartilage damage induced by glucocorticoid treatment is accompanied by lower serum COMP in the treated animals. 21 In studies on rheumatoid patients, both low dose prednisolone (7.5 mg daily orally) and intramuscular depot methyl prednisolone acetate 120 mg reduced serum COMP (Saxne T, Chikanza IC, unpublished data). In further support of the potential usefulness of serum COMP in evaluating treatment, it was recently shown that anti-tumour necrosis factor therapy in rheumatoid patients reduced serum COMP regardless of the clinical response to the treatment. 22 Although the results for COMP in this study are in line with previous observations in other experimental and clinical settings, the results should be interpreted with caution. It seems unlikely that the initial fairly dramatic fall in serum levels results from a direct effect on the cartilage. It may well be a reflection of reduced synovial permeability and the efflux of fragments out of the synovial cavity induced by a rapid anti-inflammatory effect of the glucocorticoid injection. A role for loading related factors in the initial phase after glucocorticoid injection is also suggested by the difference in COMP levels between resting and mobile patients. The local anti-inflammatory effect may be more pronounced in the resting group of patients, assuming that the glucocorticoid is retained in the joint for a longer period.
As serum COMP levels remained low and did not differ between the groups by day 14, it is possible that by this stage there is a positive effect on cartilage turnover resulting in a lower release of COMP molecules from the cartilage. This would fit with the results obtained in experimental arthritis models and in unpublished clinical studies and suggests a chondroprotective potential of the treatment.
The intra-articular glucocorticoid treatment markedly suppressed the osteocalcin levels in both patient groups, but no difference between mobile and resting individuals was observed. This suggests a temporary reduction in bone formation by intra-articular glucocorticoid treatment, and our results support previous investigations demonstrating a clear impact on serum osteocalcin levels by glucocorticoids. In patients with early rheumatoid arthritis, for example, oral prednisolone treatment at a dose of 7.5 mg daily reduced the osteocalcin levels by 25%, 24 a decrease of the same magnitude as in our study. The bed rest procedure did not influence the osteocalcin levels, indicating that the assumed difference in steroid resorption is not large enough to influence bone formation.
Bone formation is a slow process, and rapid changes in osteocalcin may not reflect long term osteoblast activity. 25 The observed temporary decrease of osteocalcin may therefore have little or no impact on the risk of the patient developing osteoporosis.
The urinary secretion of DPD was unchanged in both patient groups during the whole study, in agreement with previous results. 24 26 Bed rest for 24 hours did not influence the levels. The findings in our study thus support the view that intra-articular glucocorticoid treatment mainly affects bone formation and not bone resorption.
In a recent study on rheumatoid patients it was reported that intravenous glucocorticoid pulse therapy preserved bone mineral density, in contrast to the controls who used continuous oral treatment. 27 There are obvious similarities between intermittent glucocorticoid pulse therapy and intraarticular treatment. The short term influence on bone metabolism after intra-articular administration may suggest that injection treatment reduces the risk of steroid induced osteoporosis. However, further studies are needed to clarify this.
Conclusions
In summary, our results suggest that intra-articular glucocorticoid treatment of knee synovitis may reduce cartilage breakdown. Furthermore, if immobilisation of the patient for a period of 24 hours is included in the injection protocol, the reduction in cartilage breakdown may be even more pronounced. Bone formation is temporarily inhibited by the glucocorticoid injection, and bone resorption is unaffected, independent of the immobilisation procedure.
The metabolic effects on cartilage and bone metabolism after intra-articular glucocorticoid treatment seem to be short term and reversible. Our interpretation of the present results is that intra-articular glucocorticoid therapy in rheumatoid arthritis is not only an effective symptomatic treatment but may also be cartilage protective.
